Summary. The 
Introduction
In several mammalian species, females treated with androgens during perinatal development do not manifest normal reproductive cycles or sexual behaviour in adulthood. The phasic release of gonadotrophins characteristic of the normal oestrous cycle is inhibited by perinatal exposure to testosterone in female mice, rats and hamsters (Feder, 1981 ). Testosterone treatment before or after birth also induces behavioural defeminization in several but not all mammalian species. For example, early androgenization inhibits the expression of receptive behaviour in female rats, hamsters, guinea-pigs, mice, dogs and sheep (Phoenix, Goy, Gerall & Young, 1959;  Grady, Phoenix & Young, 1965; Beach & Kuehn, 1970; Edwards & Bürge, 1971; Carter, Clemens & Hoekema, 1972; Clarke, 1977) , but has little or no effect on female sexual behaviour of ferrets, marmosets or rhesus monkeys (Abbott & Hearn, 1979; Baum & Gallagher, 1981 ;  Phoenix, Jensen & Chambers, 1983) . Based on these findings Baum (1979) has suggested that testosterone defeminizes only those neural tissues that rely on the synergistic interaction of oestrogens and progesterone for normal function in adulthood. According to this hypothesis neural substrates and behaviours activated by oestradiol alone should not be affected by the perinatal androgenization process.
The prairie vole, Microtus ochrogaster, is unusual among mammals in the extent to which induction of oestrus is dependent on chemosensory stimuli provided by conspecific males (Richmond & Conaway, 1969) . Urine from intact males stimulates release of luteinizing hormone (LH) within 5 min (Dluzen, Ramirez, Carter & Getz, 1981) and induces uterine growth (Carter, Getz, Gavish, McDermott & Arnold, 1980) and behavioural oestrus within 2 days (L. Smale, unpublished observations). Females isolated from conspecifics remain permanently non-receptive.
Ovulation in prairie voles is provoked by copulation (Richmond & Conaway, 1969) and female receptivity is induced by oestradiol alone; progesterone inhibits sexual receptivity (Dluzen & Carter, 1979 (Riley, 1960 Before treatment with male urine, plasma LH concentrations were similar for voles in both groups (40-4 ± 10-3 and 44-5 ± 6-1 ng/ml for 13 testosterone and 8 oil-treated animals, respectively). After 6 days of treatment with male urine, LH values increased in oil-treated voles and decreased in testosterone-treated animals (to 48-9 ± 11-8 (N = 12) and 36-0 ± 6-1 (N = 8) ng/ml, respectively); however, neither the difference between the groups, nor the change in LH concentrations achieved statistical significance. Methods. Male and female adult voles (WS) were gonadectomized under anaesthesia (ketamine-xylazine-acepromazine). After a 2-week recovery period each vole was injected once daily for 4 consecutive days with 0-5 µg oestradiol benzoate. At 24 h after the last injection animals were observed in the standardized mating test for 15 min and 48 h later were given a second 10-min test. The entire procedure was repeated twice more with 1-week intervening between the last mating test and the first injection of the next series.
Results. The lordosis response was manifested at least once by all 7 ovariectomized females during behavioural testing but was never displayed by any of the 12 castrated males ( 2 = 190; < 0-001 ). Stud males attempted to mount 92% of the oestrogen-treated gonadectomized males ; the latter fought with the stud males 7-8 ± 1-8 times over the course of testing as compared to 2-0 ± 0-8 fights per female with the stud males (P < 0-05).
Discussion
The presence of androgens early in life decreases oestrous behaviour and increases agonistic behaviour in adult prairie voles. Androgenized females were less likely than oil-treated controls to display receptive behaviour when treated with male urine. The process of sexual differentiation ordinarily induced by testicular secretions during perinatal development may limit responsiveness of the adult neuroendocrine axis of chemosensory stimuli in male urine. In androgenized females, therefore, urine from males may be less effective in stimulating pituitary gonadotrophin release and consequently circulating oestrogen concentrations may be lower in the androgenized than in the normal female. This might account for differences in receptivity between androgenized and nonandrogenized animals. A second possibility is that perinatal androgenization reduces sensitivity to oestradiol in neural substrates that mediate female sexual behaviour. Evidence was obtained in favour of each of these mechanisms.
Differential effects of male urine on gonadotrophin secretion of control and androgenized females were not apparent in this study. Such effects might have been observed if FSH and LH concentrations had been measured 30 min after application of male urine (see Dluzen et al., 1981) rather than at the end of 6 days of treatment.
The data on uterine weight provide more substantial support for the hypothesis that perinatal androgenization interferes with neuroendocrine responsiveness to oestrus-inducing substances in male urine. Since uteri of androgenized and control females were equally responsive to a standard oestradiol stimulus, this measure provides an index of oestrogen availability in both groups. It is likely that had exposure to male urine stimulated equal oestrogen secretion in androgenized and normal females this would have been reflected in equal uterine weights in the two groups. However, uteri of androgenized voles did not increase in weight after 6 days of treatment with male urine ; this same treatment resulted in more than doubling of uterine weight in normal females. Presumably, neonatal androgenization compromises oestrogen secretion in response to male urine. However, in the absence of direct measurement of oestrogen concentrations this conclusion must remain tentative.
Perinatal androgenization also reduces behavioural responsiveness of female voles to oestradiol. Oestrogens more readily stimulated sexual receptivity in normal than in androgenized females. This result is inconsistent with Baum's (1979) prediction that androgens only defeminize neural tissues that require synergistic action of oestrogens and progesterone. In ovariectomized prairie voles progesterone does not facilitate receptive behaviour (Dluzen & Carter, 1979) . However, our conclusions must be qualified by the unexplored possibility that adrenal progesterone normally synergizes with oestrogens to stimulate female sexual behaviour.
Neonatal androgenization produces behavioural defeminization in female hamsters although adult male hamsters treated with oestradiol display the full lordosis response (Eaton, 1970; Carter et ai, 1972 Oestradiol enhances attractiveness (see Beach, 1976) in voles regardless of perinatal hormone exposure or treatment. Stud males showed little interest in and never attempted to mate with normal or androgenized ovariectomized females; when these females or gonadectomized males were treated with oestradiol for 4 days in adulthood, their attractiveness increased, as indicated by the number of mounting attempts elicited from stud males. Oestradiol increases attractiveness by means yet to be identified but presumably involves changes in chemosensory properties of the female.
Although the mechanisms for induction of oestrus appear to be qualitatively different in prairie voles from those in a number of other rodents, the process of sexual differentiation of behaviour as first described by Phoenix' et al. (1959) applies to voles of this species and presumably to other members of the genus Microtus.
